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THE FITNESS OF THE ENVIRONMENT, AN IN- 
QUIRY INTO THE BIOLOGICAL SIGNIFI- 
CANCE OF THE PROPERTIES 
OF MATTER 1 

PROFESSOR LAWRENCE J. HENDERSON 
Harvard University 

Dabwinian fitness is compounded of a mutual relation- 
ship between the organism and the environment. Of this, 
fitness of environment is quite as essential a component 
as the fitness which arises in the process of organic evo- 
lution; and in fundamental characteristics the actual 
environment is the fittest possible abode of life. Such 
is the thesis which I seek to establish. This is not a novel 
hypothesis. In rudimentary form it has already a long- 
history behind it, and it was familiar doctrine in the early 
nineteenth century. It presents itself anew as a result 
of the recent growth of the science of physical chemistry. 

In the study of fitness it has been the habit of biolo- 
gists since Darwin to consider only the adaptations of the 
living organism to the environment. For them in fact 
the environment, in its past, present, and future, has been 
an independent variable, and it has not entered into any 
of the modern speculations to consider if by chance the 
material universe also may be subjected to laws which are 
in the largest sense important in organic evolution. Yet 
fitness there must be, in environment as well as in the 
organism. How, for example, could man adapt his civi- 
lization to water power if no water power existed within 
his reach? 

At first sight it may well seem that inquiry into such 

1 Bead at the Symposium on Adaptation at the meeting of the American 
Society of Naturalists, Cleveland, January 2, 1913. 

1 This paper consists chiefly of excerpts from a book of the same title soon 
to be published by the Maeraillan Company. 

105 



106 THE AMERICAN NATURALIST [Vol. XL VII 

a problem must end unsuccessfully in vague and unprofit- 
able guesses. But the physico-chemical basis of life it at 
length firmly established. On the whole, the composition 
of living matter, its physical structure, the changes of 
matter and energy which constitute the metabolic process, 
together with the totality of such changes, which make up 
the fundamental economic process of that largest com- 
munity which consists of all living beings, are all clearly 
defined. 

The Chabacteeistics or Life 

Under these circumstances it is certainly no rash enter- 
prise to seek a definition of some of the essential char- 
acteristics of life. Although it is probably far beyond 
our present power to make a complete study of the prob- 
lem, I feel sure that a brief analysis will justify certain 
very definite conclusions. Life as we know it is a physico- 
chemical mechanism, and it is probably inconceivable 
that it should be otherwise. As such it possesses, and, 
we may well conclude, must ever possess, a high degree 
of complexity — physically, chemically and physiologi- 
cally, that is to say, structurally and functionally. "We 
can not imagine life which is no more complex than a 
sphere, or salt, or the fall of rain, and, as we know it, it is 
in fact a very great deal more complex than such simple 
things. Next, living things, still more the community of 
living things, are durable. But complexity and dur- 
ability of mechanism are only possible if internal and 
external conditions are stable. Hence automatic regula- 
tions of the environment and the possibility of regulation 
of conditions within the organism are essential to life. 
It is not possible to specify a large number of conditions 
which must be regulated, but certain it is from our present 
experience that at least rough regulation of temperature, 
pressure, and chemical constitution of environment and 
organism are really essential to life, and that there is 
great advantage in many other regulations and in finer 
regulations. Finally a living being must be active, hence 
its metabolism must be fed with matter and energy, and 
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accordingly there must always be exchange of matter and 
energy with the environment. 

Obviously these few conclusions can make no claim to 
completeness. Fully to describe life, the discovery of 
many other fundamental characteristics is necessary, in- 
cluding such as are related to inheritance, variation, evo- 
lution, consciousness and a host of other things. But in 
the formation and logical development of such ideas 
there is danger of fallacy at every step, and, since the 
present list will suffice for the present purpose, further 
considerations of this sort are best dispensed with. This 
subject should not be put aside, however, without clear 
emphasis that the postulates which have been adopted 
above are extremely meager. The only motives for aban- 
doning further search are the economy and the security 
which are thereby insured and the very great difficulty of 
extending the list. 

The Environment 

Even at the earliest period in the evolution of a typical 
star there appears to be a progressive variation in the 
chemical composition from center to periphery. Theo- 
retically it seems inevitable that the heaviest elements 
should be concentrated in the interior and that those of 
lowest atomic weight should be present in the greatest 
amount near the surface. Actually, spectroscopic investi- 
gation fully confirms this view. Thus the spectra of 
typical hot stars show that hydrogen is an inevitable con- 
stituent of their superficial parts. Indeed the universal 
presence of hydrogen under such circumstances is un- 
doubtedly one of the most clearly established facts of 
stellar astronomy. As stars cool and become red the 
spectral changes quite as unmistakably point to the pres- 
ence of carbon. Accordingly we possess the best of evi- 
dence and the best of reasons for the belief that large 
quantities of hydrogen and carbon must exist at or near 
the surface when a crust forms upon a cooling star. 

The nature of the chemical combinations into which 
these elements at first enter is perhaps open to some 
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question. But as the temperature falls in the cooling of 
a sun or planet the affinities of carbon and hydrogen for 
oxygen increase so that carbonic acid and water must 
normally result. For oxygen is almost certainly present 
in the sun, it is found in meteorites, and the vast store of 
it in the earth's atmosphere and crust (roughly one half 
of their total mass) justify the belief that it is every- 
where one of the commonest of elements. Hence an 
atmosphere containing water and carbonic acid appears 
to be a normal envelope of a new crust upon a cooling 
body. Even were not these substances at first present in 
such an atmosphere, volcanos must soon belch them forth 
in enormous quantities, to relieve the pressure which in- 
evitable chemical processes set up. 

In short just as living things permit themselves to be 
simplified into mechanisms which are complex, regulated, 
and provided with a metabolism the environment may be 
reduced to water and carbonic acid. These are simplifica- 
tions counselled solely by expediency. Neither logical 
process is necessary, each involves a disregard for many 
circumstances which might be of weight in the present 
inquiry. But in the end there stands out a perfectly simple 
problem which is undoubtedly soluble. That problem 
may be stated as follows : In what degree are the physical, 
chemical, and general meteorological characteristics of 
water and carbon dioxide, the primary constituents of 
the environment and of the compounds of carbon, hydro- 
gen and oxygen favorable to a mechanism which must be 
physically, chemically, and physiologically complex, which 
must be itself well regulated in a stable environment, 
and which must carry on an active exchange of matter 
and energy with that environment. 

The first step in seeking a solution must be to review 
the data of physics and chemistry which describe the 
properties of water and carbonic acid, having due regard 
to their meteorological significance. Such data of the 
highest accuracy exist in great profusion, for almost 
every conceivable property of these substances has been 
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studied with patient care. Next, the properties of the 
compounds of carbon, hydrogen, and oxygen must be con- 
sidered, and some of the characteristics of the chemical 
reactions into which they enter must be discussed. For 
this examination the unparalleled development of the 
science of organic chemistry provides ample material. 
All of these things must be scrutinized quantitatively as 
well as qualitatively, and again there is no lack of neces- 
sary formation. 

Immediately one advantage of the method here pro- 
posed becomes evident. We can deal with the familiar 
abstractions of physical science — specific heat, coeffi- 
cient of expansion, solubility, heat of reaction, etc. — and 
thereby we shall gain all the advantages of the most exact 
sciences. No qualifications, no doubtful or contentious 
matter, no imperfect descriptions need enter. 

In this manner it will be easy to estimate the absolute 
biological fitness in certain respects of water and carbonic 
acid, and at once a host of automatic results of their 
properties will become evident. Many of these results, 
such as the nearly constant temperature of the ocean, the 
ample rainfall, the freezing of water upon the surface, 
the great variety of carbon compounds, are familiar sub- 
jects of speculation, though since Darwin little interest 
has been manifested in them; others, only recently 
brought to light by the growth of physical science, are 
nearly or quite unknown in this connection. All deserve 
to receive more serious attention from biologists than is 
at present vouchsafed them, for they constitute a part of 
the very foundation of general biology, and they cause 
many of the phenomena with which man is concerned in 
his struggle for mastery of the environment. 

Yet the mere exposition of such facts and relationships 
can not suffice in a discussion of the fitness of the environ- 
ment. In the first place these are in the main familiar 
ideas, and if they were altogether conclusive to prove the 
existence of really significant fitness, if they could be 
regarded as alone adequate to establish the necessity of 
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putting fitness by the side of adaptation as a coordinate 
factor in causing the marvels of life, it is hard to believe 
that they would have been so long neglected. In the sec- 
ond place there is nothing comparative about such in- 
formation. Water is indeed a wonderful substance which 
fills its place in nature most satisfactorily, but would not 
another substance do as well? Is not ammonia, for 
example, a possible substitute? And are there not many 
other chemical bodies which might, in a very different 
world, serve equally useful purposes? Perhaps, too, the 
great variety of carbon compunds which are known to 
the chemist are known only because the vital processes 
furnish an abundance of material with which to experi- 
ment. Is it not possible, therefore, that another element, 
perhaps for instance silicon, may enter into even greater 
varieties of compounds? It is such questions, ever pres- 
ent in the minds of men of science yet never yet care- 
fully scrutinized to see if an answer be possible, which, I 
suspect, have long deflected attention from this subject. 

Clearly, therefore, it will be necessary to compare the 
properties of water and carbonic acid and of the carbon 
compounds with those of other substances. It will be 
necessary to find out whether these substances are not 
only fit but fittest — and this no doubt is a task of a very 
different sort. It may even seem, at first sight, an im- 
possible one, but I hope to show that this is not the case, 
and that in spite of the incompleteness of our physical 
and chemical knowledge, it may be pressed to a satis- 
factory issue. 

The very constant temperature of the ocean is a most 
important factor in the economy of nature. It consti- 
tutes, for example, a vital regulation of the environment 
of a large proportion of all the living organisms of the 
world, and it has many other important "functions." 
This constancy of temperature is in large part due to the 
magnitude of the specific heat of water. Other things 
being equal the greater the specific heat of water the more 
constant must be the temperature of the ocean. If then 
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the specific heat of water, as is actually the case, be nearly 
or quite a maximum among all specific heats, it follows 
that the fitness of water in this respect is nearly maximal. 

Again the ocean contains an astonishing variety of 
substances in solution, and they are present often in large 
quantities. In this manner a very great supply of food 
in very great variety is offered marine organisms. Of 
course such richness of the environment is an exceedingly 
favorable circumstance for the organism, and it is due 
principally to the ability of water to dissolve a multitude 
of things in large quantities. It is not to be supposed that 
the substances present in sea water are all of use to every 
organism. This need not be the case at all, but a variety 
of supplies which may be adapted to special requirements 
as they arise, here iodine, there copper, for instance, is 
a very genuine advantage. Further the vast utility of 
the solvent action of water in blood, lymph, and all the 
body fluids is too patent to call for comment. If, now, it 
can be shown that the solvent power of water is nearly or 
quite a maximum, as it really is, among all known sol- 
vents, then it must be evident that in another respect the 
fitness of water is nearly or quite maximal. 

Again the amount of energy that is required to tear 
apart molecules of water and liberate hydrogen and oxy- 
gen is very great indeed, and when hydrogen and oxygen 
recombine to form water this energy must reappear, — 
under ordinary circumstances as heat. This fact too is 
ver) r favorable for the organism, because almost all com- 
pounds which contain hydrogen yield a great deal of 
energy which can be tapped in the process of metabolism. 
If therefore the heat of combustion of hydrogen be nearly 
or quite a maximum, as it is, among all substances, it 
is clear that water is again, in another respect, most 
wonderfully fitted for life. Finally, if it be true, and 
such is the case, that very few of the substances which 
share the fitness of water in one of these characteristics, 
also share or approach its fitness in either of the others, 
and that none possesses all these qualifications in a de- 
gree that merits consideration, it must, I conceive, be ad- 
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mitted that so far as the investigation has proceeded, 
water is the only possible fit substance. 

A criticism may here be made, are there not other 
substances which possess other groups of qualifications 
which water lacks? And that is a difficulty which is 
even harder to meet. But in the first place it is evident 
that there are not an infinity of important physical prop- 
erties; in fact there are very few. And in the second 
place it is evident, both from centuries of experience in 
physical science and from the postulates above mentioned 
regarding life, which undoubtedly do in the main describe 
its physico-chemical characteristics, that very few prop- 
erties indeed are of importance in the least comparable 
with those which I have mentioned. Finally it is in the 
highest degree probable that we are acquainted with most 
of the truly essential physical properties, and know them 
as biologically important, when they are so ; and I believe 
it has been possible to consider them all, and thus make 
the argument complete. 

Such is the nature of the argument ; the facts, though 
no less important than those above indicated, are far too 
numerous to mention. They include the unique surface 
tension of water and its very great ionizing power, the ab- 
sorption coefficient and ionization constant of carbonic 
acid, the extreme chemical activity of oxygen and hydro- 
gen, the unique chemical combining power of carbon, the 
number, complexity, variety and chemical activity of the 
compounds and processes of organic chemistry, and the 
vast complexity of the chemical system which inevitably 
results from the reduction of a mixture of carbonic acid 
and water. These properties result directly in a be- 
wildering variety of conditions which in the most varied 
ways promote complexity, durability and metabolism. 

Analysis of all the facts justifies the following con- 
clusions. 

The physical and chemical properties which have been 
taken into consideration include nearly all those which 
are known to be of biological importance or which 'ap- 
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pear to be related to complexity, regulation and meta- 
bolism. 

There are no other compounds which share more than 
a small part of the qualities of fitness of water and car- 
bonic acid, no other elements which share those of car 
bon, hydrogen and oxygen. 

None of the characteristics of these substances are 
known to be unfit, or seriously inferior to the same char- 
acteristics in any other substance. 

Therefore the fitness of the environment is both real 
and unique. 

In drawing this final conclusion I mean to assert the 
following propositions : 

I. The fitness of the environment is one part of a re- 
ciprocal relationship of which the fitness of the organ- 
ism is the other. This relationship is completely and 
perfectly reciprocal ; the one fitness is not less important 
than the other, nor less invariably a constituent of a 
particular case of biological fitness; it is not less fre- 
quently evident in the characteristics of water, carbonic 
acid and the compounds of carbon, hydrogen and oxy- 
gen than is fitness from adaptation in the characteristics 
of the organism. 

II. The fitness of the environment results from char- 
acteristics which constitute a series of maxima — unique 
or nearly unique properties of water, carbonic acid, the 
compounds of carbon, hydrogen and oxygen and the 
ocean — so numerous, so varied, so nearly complete 
among all things which are concerned in the problem that 
together they form certainly the greatest possible fit- 
ness. No other environment consisting of primary con- 
stituents made up of other known elements, or lacking 
water and carbonic acid, could possess a like number of 
fit characteristics or such highly fit characteristics, or in 
any manner such great fitness to promote complexity, 
durability and active metabolism in the organic mechan- 
ism which we call life. 

It must not be forgotten that the possibility of such 
conclusions depends upon the universal character of 
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physics and chemistry. Out of the properties of univer- 
sal matter and the characteristics of universal energy 
has arisen mechanism as the expression of physico- 
chemical activity and the instrument of physico-chem- 
ical performance. Given matter, energy and the result- 
ing necessity that life shall be a mechanism, then the 
conclusion follows that the atmosphere of solid astro- 
nomical bodies does actually provide the best of all pos- 
sible environments for life. 

Vitalism 

Modern vitalism consists in asserting the existence of 
a directive tendency which manifests itself in or through 
the organism alone and is peculiar to life. 

In such speculations the properties of matter and the 
processes of cosmic evolution have no place. Bergson 
indeed very definitely, and it would seem gratuitously, 
puts aside cosmic evolution, and also with slight reser- 
vations the properties of matter, as of no essential con- 
sequence in organic evolution. 

Yet whoever is disposed to speculate about biological 
fitness, and not even the incomparable finesse of M. Berg- 
son's dialectic can make fitness other than the most gen- 
eral result of the process of organic evolution, must now 
weigh well "the cosmic processes. For, if allowance be 
made for the results of natural selection, fitness of en- 
vironment has the greater claim to be considered. 

The two fitnesses are complementary; are they then 
single or dual in origin? The simpler view would be to 
imagine one common impetus operating upon all matter, 
inorganic and organic, through all stages of its evolu- 
tion, in all its states and forms and leading to worlds 
like our own through paths apparently purposeful. Such 
it, seems to me is the natural hypothesis for the vitalist 
to adopt. But then vitalism vanishes, only teleology re- 
mains. Yet putting aside mechanistic differences is it 
not now lost in any case? Has not modern vitalism in 
accepting the limitation to entelechies or impetus de- 
stroyed itself? 
The situation, briefly, seems to be as follows : Two evo- 
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lutionary processes independently result in two comple- 
mentary fitnesses, hence they are related. In the one 
process the origin of fitness is in part explained by a 
mechanistic hypothesis. Nevertheless many philos- 
ophers, as is their right, declare that in this process a 
further extra-physical influence is to be assumed. But 
any one who makes such an assumption for the one proc- 
ess must certainly make it for the other, thus he will be 
led to see impetus or entelechies everywhere. Under 
these circumstances it may be doubted if his acquaintance 
with the nature of his impetus or entelechies is so inti- 
mate that he will be able to distinguish the inorganic 
from the organic, for he has surrendered all positive 
physico-chemical differences between organic and inor- 
ganic bodies and processes to the mechanist. Hence, 
unless he is to make an arbitrary and unintelligible dis- 
tinction, or to indulge in the spinning of cobwebs, his 
vitalism has ceased to be exclusively organic, in short, 
has ceased to be vitalism at all, and has become mere 
universal teleology. 

The whole process of cosmic evolution from its earli- 
est conceivable state to the present is, however, pure 
mechanism, as the most perfect induction of physical 
science, based upon each and all of its manifold suc- 
cesses in accounting for the phenomena of nature con- 
clusively proves. 

But if cosmic evolution be purely mechanistic and yet 
issue in fitness why not organic evolution as well? Thus 
once more we arrive, this time more completely, at the 
negation of vitalism. Mechanism is enough in physical 
science, which no less than biological science appears to 
manifest teleology; it must, therefore, suffice in biology. 
We possess two arguments; the argument that, except 
mechanistically, organic and inorganic phenomena are, 
in such aspects as concern physical science, alike, and, 
therefore, a specifically vital teleology is unnecessary, 
and the argument that inorganic science unquestionably 
has no need of non-mechanistic teleology. Hence we 
are obliged to conclude that metaphysical teleology is to 
be banished from the whole domain of natural science. 



